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Background and Rationale:

Kidney injury during sepsis and septic shock is common and associated with worse overall
outcomes.” To date, research aimed at attenuating septic kidney injury has largely focused on
restoring renal perfusion.? Robust pre-clinical and clinical investigation, however, has repeatedly
shown that septic renal injury can occur even in the absence of hypoperfusion and that the
histopathologic pattern of septic renal injury is predominately one of apoptosis as opposed to
ischemia/tubular necrosis.®® Mitochondrial dysfunction leading to cellular apoptosis is an
alternative, but largely unexplored, pathway for organ injury in sepsis.” Thiamine (vitamin B1) is
a critical cofactor for aerobic respiration, and thiamine deficiency has been associated with
impaired organ function.® The high concentration of mitochondria in the kidney, the importance
of thiamine for mitochondrial respiration, and the results of prior studies of thiamine in septic
shock®'% suggest that thiamine may be an effective agent for the attenuation of septic kidney
injury.

Study overview

Study Design and Setting

This was a phase Il, multi-center, randomized trial of thiamine (vitamin B1) vs. placebo in
patients with septic shock. Enrolling sites were four medical centers in the United States. The
trial coordinating center gathered and analyzed the data, and vouches for the accuracy and
completeness of the data and for the fidelity of the trial to the protocol. Written informed consent
was obtained from the legally authorized representatives of all patients.

Trial Participants

Adult patients 218 years of age with septic shock were enrolled in the trial. Septic shock was
defined by a suspected or confirmed infection, the receipt of vasopressors for suspected septic
shock, and a serum lactate level 22mmol/L. To enrich for a population at risk of acute kidney injury
(AKI), a serum creatinine level >1.0mg/dL was an inclusion criterion. Exclusion criteria included
1) clinical indication for thiamine administration (alcoholism, known or highly suspected
deficiency) or treatment with thiamine beyond the amount found in a standard multivitamin within
the last 10 days, 2) Renal replacement therapy within the past 30 days, 3) Comfort measures only
or anticipated withdrawal of support within 24 hours, 4) Protected populations (pregnant women,
prisoners), and 5) Known thiamine allergy.

Patient flow through the trial will be displayed in a CONSORT diagram (see Appendix Figure 1
for shell figure).

Written informed consent was obtained from all included patients or their legally authorized
representatives.

Randomization and Blinding

Randomization: Participants were randomized in a 1:1 ratio to either thiamine or placebo in
blocks with random sizes of 2 or 4. The randomization was stratified according to site. An
independent statistician created the randomization list using a random number generator.

Blinding: The trial was quadruple-blinded; participants, investigators, the clinical team, and
outcomes assessors were blinded to treatment allocation. Only the research pharmacy at each
site providing the study drug was aware of the allocation.



Study Registration and Monitoring

The trial was registered at clinicaltrials.gov (NCT03550794).
The trial was conducted under an FDA IND (107, 135).

A Data Safety and Monitoring Board (DSMB) evaluated and monitored the trial for safety. There
were no pre-specified stopping rules for futility or efficacy. No statistical interim analyses were
performed.

The coordinating center regularly performed trial monitoring as detailed in the Trial Monitoring
Plan.

Outcomes and Definitions

Primary Outcome:
Change in serum creatinine level between enroliment and 72-hours after enrollment.

Power Calculation: The planned sample size is based on the primary outcome. In this
longitudinal repeated measures study design, we have 4 time points (baseline, 24-hours, 48-
hours, and 72-hours), and are interested in measuring the effect of the intervention (thiamine)
on the mean level of creatinine at the last time point (72-hours). We hypothesized that at 72-
hours, the estimated mean difference (placebo-thiamine) would have similar magnitude as the
pilot study’s® observed mean difference (about 0.51). We used a linear mixed-effects model to
estimate the parameters of the variance-covariance structure of the repeated measures data
and used these estimates in obtaining the effect estimate of the mean difference at each of the
4 time points, with emphasis on 72-hours. We simulated the data using the estimated variance-
covariance components from the pilot data with 0.19 for within-subject variance, and 1.3 for
between-subject variance, and the estimated mean differences for the 4 time points from the
pilot data. These data went through a linear mixed effects model where linear contrasts were
used for estimation at each time point. The non-centrality parameter and the corresponding F-
statistic value were then computed. Together with the numerator and denominator degrees of
freedom, the estimate of power at each time point was derived. Through different iterations of
sample size, at an overall total of 80 patients (40 patients in each arm), we obtained a power of
0.80 at 72-hours with an alpha of 0.05. This method of power analysis for linear mixed-effects
model was published in 2000." To account for drop-out and to ensure adequate power at the
end of the trial, we planned to enroll a total of 88 patients (44 per arm).

Secondary Outcomes:

Renal replacement therapy

[Time Frame: From date of enrollment until discharge from the intensive care unit (ICU) or date
of death, whichever comes first, up to 60 days after enroliment]

Need for renal replacement therapy

Acute renal failure
[Time Frame: From date of enroliment until ICU discharge or death]

ICU-free days
Days alive and free of the ICU between enroliment and day 28 after enroliment.
[Time Frame: From date of enroliment to 28-days after enroliment]

Change in the sequential organ failure assessment (SOFA) score



Change in the SOFA score between enrollment and 72-hours after enrollment
[Time Frame: From date of enrollment 72-hours after enrollment]

Delirium

Incidence of delirium as measured by the Confusion Assessment Method (CAM)-ICU on study
day 3

[Time Frame: Day 3 after enrollment]

Change in serum lactate level
Change in serum lactate level between enrollment and 72-hours after enrollment
[Time Frame: From date of enroliment 72-hours after enroliment]

In-hospital mortality
[Time Frame: From date of enroliment until discharge from the hospital or date of death,
whichever comes first, up to 60 days after enroliment]

Other biomarkers of renal injury (Serum cystatin C, NGAL, and KIM-1)
[Time Frame: Enroliment to 24-hours]

Peripheral blood mononuclear cell mitochondrial oxygen consumption
[Time Frame: Enrollment to 24-hours]

A table of outcomes by treatment group will be included (see Appendix Table 2)

Statistical Analysis

General Principles

The statistical analyses and reporting will adhere to the CONSORT guidelines.?'3 All tests will
be two-sided, a p-value < 0.05 will be considered significant, and all confidence intervals will
have 95% coverage. All analyses will be conducted on a modified intention-to-treat basis only
including participants receiving at least the first dose of the study medications. In a double-blind
trial, this approach is unbiased while increasing precision.

Baseline Characteristics

A description of the baseline characteristics will be presented by treatment group (see Appendix
Table 1). Categorical variables will be summarized by frequencies and percentages.
Percentages will be calculated according to the number of patients for whom data are available.
Continuous variables will be summarized using means (standard deviations, SD) or medians
(interquartile range, IQR) based on the distribution of the data. Statistical tests will not be used
to compare baseline characteristics between groups.

Analysis of Primary Outcome

We will compare repeated measures of creatinine levels at each time point (Oh, 24h, 48h, 72h)
between arms using repeated measures analysis with the dependent variable of creatine and
independent variables of treatment group, time, site, and the interaction between time and
treatment group. A compound symmetry covariance structure will be used. If a patient receives
renal replacement therapy or dies before any time point, creatinine levels will be imputed by
carrying forward the last known value before the event with a 20% penalty.



Analysis of Secondary Outcomes

Receipt of Renal Replacement Therapy
Logistic regression controlling for site will be used to compare the incidence renal replacement
therapy during the index ICU stay between groups.

Development of acute renal failure

Renal failure during the index ICU stay, which is a composite outcome of all-cause death or
Kidney Disease Improving Global Outcomes (KDIGO) stage 3 acute renal failure within the
index ICU stay after enrolment. Patients who met KDIGO 3 acute renal failure criteria at the time
of initial study drug administration would not be identified as having an adverse kidney event
unless they died during the index ICU stay. This outcome will be analyzed using logistic
regression controlling for site.

Change in SOFA score

Change in SOFA score will be assessed using the same modeling approach as with the primary
outcome. For patients who died prior to 72-hours, a 20% increase in SOFA score will be added
to the last observed score prior to death. For patients with missing SOFA values for reasons
other than death, the last observed SOFA score for that element will be carried forward without
penalty.

Incidence of Delirium

Incidence of delirium on day 3 will be compared using logistic regression controlling for site.
Delirium is assessed by the Confusion Assessment Method (CAM). Patients who are sedated
on day 3 or otherwise cannot have CAM performed, will not be included in this analysis.

In-hospital mortality

In-hospital mortality will be analyzed using survival analysis. Results will be presented with
Kaplan-Meier curves and the groups compared using the log-rank test.’® Hazard ratios with 95%
confidence intervals will be obtained using Cox’s proportional hazards models.'® The
proportional hazards assumption will be verified by visual inspection of the Kaplan-Meier curves
and testing of scaled Schoenfeld residuals.'” If the proportional hazards assumption is not met,
only the Kaplan-Meier curves and the p-value from the log-rank test will be presented. The
patient will be considered to have survived their hospitalization if they remain alive and in the
hospital at 60 days.

Change in serum lactate level

Change in serum lactate level will be assessed using the same modeling approach as for the
primary outcome. For patients who died prior to 72-hours, a 20% increase in lactate will be
added to the last observed score prior to death.

ICU Free Days
ICU-free days will be analyzed using linear regression controlling for site. Patients who are
discharged alive from the hospital before 28-days will be assumed to have survived to 28-days.

Other biomarkers of renal injury
Other renal injury biomarkers (cystatin C, NGAL, and KIM-1) will be measured at enrollment and
24-hours and compared using linear regression, controlling for the enroliment level.



Oxygen Consumption
Basal and maximum cellular oxygen consumption will be will be measured at enrollment and 24-
hours and compared using repeated measures analysis to account for within subject correlation.

Additional Planned Analyses

A pre-planned sub-analysis of the primary outcome will be performed in the group with baseline
thiamine deficiency. Thiamine deficiency will be defined as a plasma vitamin B1 level < 7 nmol/L
as has been previously described.'® Analysis will be performed through inclusion of an
interaction term in the primary outcome model.

Analysis of Adverse Events

Rates of serious expected and unexpected adverse events will be reported by group
assignment. Proportions of patients with adverse events will be compared between the
treatment groups using Fisher’s exact test.

Statistical Software
Stata (version 14, StataCorp, College Station, Tx) & R (version 4.1.1, R Foundation for
Statistical Computing, Vienna, Austria) will be used for all analyses and graphics.



Appendices

Figure 1. Consort Diagram

Figure 2: Trend of Serum Creatinine Over Time by Treatment Group
Figure 3: Trend of Serum Lactate Over Time by Treatment Group
Figure 4: Kaplan-Meier Curve for outcome of In-Hospital Mortality
Figure 5: Biomarkers of Renal Injury over Time

Figure 6: Changes in Cellular Oxygen Consumption over Time

Table 1: Cohort Characteristics

Characteristic Intervention

(N=)

Placebo

(N=)

Demographics

Age (yrs, mean, SD)

Body mass index (kg/m2, mean, SD, n/N)

Sex
Female, n (%)
Male, n (%)
Race, n (%)
White
Black
Asian

More than one race

Hispanic, n/N (%)

Past Medical History, n (%)




Malignancy

Coronary artery disease

Congestive heart failure

Liver Disease

Chronic Kidney Disease

Stage 2

Stage 3

Stage 4

Stage unknown

Clinical Characteristics

Primary Infectious Source, n (%)

Pneumonia

Intra-abdominal

Urinary tract infection

Other

Volume of intravenous fluids prior to study drug (ml,
median, |IQR)

Baseline cardiovascular component of the total SOFA
score (median, IQR)

Time from vasopressor initiation to first study drug
(hours, median, IQR)

Time from informed consent to first study drug (hours,
median, IQR)

Mechanically ventilated, n (%)




Lactate (mmol/L, median, IQR)

30-day predicted survival, n (%)f

High likelihood

Uncertain

Low Likelihood

Table 2: Primary and Secondary Outcomes
Outcome Intervention Placebo Effect Estimate p-Value
N= N= (95%Cl)
Serum Creatinine Over Time (mean, SD, n/N) — Primary Outcome Measure

Enrollment

24-hours

48-hours

72-hours

Secondary Outcomes

In-Hospital Mortality, n (%)

Receipt of Renal Replacement Therapy,
n (%)

KDIGO Acute Kidney Injury 3, n (%)

Incidence of Delirium, (n, %)

Serum Lactate at 24-hours (mmol/L,
median, IQR)

Change in SOFA score over 72 hours
(mean difference, SD)




ICU free days, (days, median, IQR)8
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